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© lonically crossllnked glycosamlnoglycan gels for soft tissue augmentation and drug delivery. 

© The present invention pertains to the use of glycosaminoglycans, chemically derivatized 
glycosaminoglycans, and optionally, chemically derivatized collagens to form ionically crosslinked gels useful in 
mammal soft tissue augmentation and in drug delivery systems. The derivatized glycosaminoglycans can be 
used to form an ionically homogeneous gel comprising one or more species of glycosaminoglycan derivative or 
can be used to form an ionically crosslinked heterogeneous gel comprising one or more negatively charged 
species of glycosaminoglycan or collagen derivative in combination with one or more positively charged species 
of glycosaminoglycan derivative or collagen derivative. 

The ionically crosslinked homogeneous or ionically crosslinked heterogeneous gels are produced from liquid 
solutions which upon adjusting pH in situ form a gel. 
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Field of the Invention 



" This invent re.ates generally to 

species of glycosaminoglycans and/or derives of f^^^J^T^ i0 nically heteroge- 
« containing one or more similarly charged spec.es ^^fl^^^'^ 9^^^ 

10 Background of the Invention 

A variety of different giycosaminoglycans are .now. f^^f*^^^ 
keratan sulfate, keratosulfate he = ch, n and « jod^ ^ ^ ^ 

glycosaminoglycans are known to be useful '" c ° n "2^ jn J, ^ augmentation. One example 
acid in particular has been used «n vanous compositions for use «»«~ 9 Fibr inolysis, Volume 2. 
of such is disclosed by Balazs et a... ^^TSca^s ThySSc acid sucJI a* preparing 
pages 173-178. 1991. which d,sc,0 f% c h h ^ 
hyaluronic acid gels by forming sulphonyl-b.s-ethy. crossUnks 

ride chains, 'nformation regarding how^aluro * < ^J^ , TSXr^ foundation S ^ P ° Sium 

rrfwr;i™ b .K .^^isr Growth on a porous spon9e 

Containing Hyaluronic Acid and FibronectJn. ^ M ^^^^ f0pean pat ent application number 
Various biocompatible viscoelast.c gel slurr.es are d-sclos^ w,th, »J J , ^,1^ 
91303606.7. published January 15. 1992. wh.ch refers to vanous types of cross.mKe p 

1156 US STTsZHS March 29. 1983 to Kasugi et a... discloses combining fibrous nonsoluble 

coi r ^r^rssry^rrrn'as « ... •*« — « 

contllgC— k ed co.lagen in gel form. ^"^^^ Por example. 

Hyaluronic acid has been f^^^^^^L^ gels of hyaluronic acid 
U.S. patent 4.582.865. issued April 15. 1986. to Balazset a, ^° , formed indicat es 

which may be combined with hydrophilic polymers ^ ^^riST^A patent 5.017,229. 

form a water-insoluble biocompatible gel disc | 0 ses yet another hyaluronic acid 

useful for soil tissue augmentation. 
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Summary of the Invention 

In accordance with the present invention, biocompatible gels useful in a variety of medical applications 
are formed as a result of ionic interactions between positive and negative charges on molecules having a 
5 net neutral charge (ionically homogeneous gels), or between a molecule having a net positive charge and 
one having a net negative charge (ionically heterogeneous gels). The ionically homogeneous gels may 
contain one or more species of glycosaminoglycan derivative. The ionically heterogeneous gels must 
contain at least two species selected from glycosaminoglycans, glycosaminoglycan derivatives, and/or 
collagen derivatives. 

70 To form the ionically homogeneous gels of the present invention, glycosaminoglycans are derivatized 
by deacetylation (removal of the -COCH 3 group) or desulfation (removal of the -SCfe group) to provide free 
amino groups, resulting in glycosaminoglycan derivatives which have a net positive charge at acidic pH 
(below 6). a net negative charge at basic pH (above 9), and a net neutral charge at neutral pH (above 6 and 
below 9). However, within the substantially neutral molecule, there are charged groups which are attracted 

75 to oppositely charged groups within the same molecule and on other molecules. These ionic interactions 
within and between molecules cause the formation of a gel at or around neutral pH. Thus, the 
glycosaminoglycan derivative can be maintained in a liquid state for storage above pH 9, for example; the 
addition of a small amount of acid (to provide a neutral pH) will cause the formation of the ionically 
homogeneous gel of the invention. Generally, the pH of the composition will be adjusted to within the range 

20 of 6 - 8.5 just prior to administration to human or animal tissue, to avoid tissue damage that may occur at 
more extreme pH levels. The composition will subsequently form a gel in situ as the glycosaminoglycan 
derivative reaches physiological pH. Glycosaminoglycans which can be derivatized by either deacetylation, 
desulfation, or both to form species having a net neutral charge include hyaluronic acid, the chondroitin 
sulfates, chitin, heparin, and combinations thereof. 

25 To form the ionically heterogeneous gels of the invention, glycosaminoglycans, glycosaminoglycan 
derivatives, and/or collagen derivatives which are positively or negatively charged at neutral pH are reacted 
with molecules having the opposite charge, resulting in the formation of an ionically crosslinked gel having a 
net neutral charge. Glycosaminoglycans such as hyaluronic acid, chondroitin sulfate A, chondroitin sulfate 
C, and keratan sulfate can be derivatized by esterification, then further derivatized by deacetylation and/or 

30 desulfation, to have a net positive charge. Positively charged glycosaminoglycan derivatives, such as 
chitosan or esterified deacetylated hyaluronic acid, can be combined with negatively charged non- 
derivatized glysoaminoglycans, such as sodium hyaluronate and/or sodium chondroitin sulfate, to form the 
ionically heterogeneous gels of the invention. Positively charged glycosaminoglycan derivatives and 
negatively charged nonderivatized glycosaminoglycans can be combined with succinylated collagen (net 

35 negative charge) or methylated collagen (net positive charge), respectively, to form gels. The combination 
of appropriate amounts of negatively charged and positively charged compounds results in formation of a 
gel having a net neutral charge at neutral pH. The oppositely charged species can be stored separately, 
and then combined just prior to administration to result in situ gel formation. 

An important feature of the invention is that the glycosaminoglycans, glycosaminoglycan derivatives, 

40 and collagen derivatives are biocompatible and have low immunogenicity, and are therefore suitable for use 
in a variety of medical applications, particularly soil tissue augmentation and delivery of therapeutic agents. 

Another feature of the present invention is that the glycosaminoglycans and glycosaminoglycan 
derivatives crosslink with each other to form a firm gel without the need for additional crosslinking agents. 
An additional feature is that other charged compounds, such as certain collagen derivatives, can be 

45 incorporated into the glycosaminoglycan gels to produce compositions having a variety of physical and 
chemical characteristics. 

An advantage of the present invention is that the glycosaminoglycan derivatives can be stored at a pH 
above 9 or below 6, at which pH the glycosaminoglycan derivatives are in ionic form (net positive or net 
negative charge) and therefore have a low viscosity. The pH of the ionically homogeneous gels can be 
so adjusted to neutral, or the charged species of the ionically heterogeneous gels can be combined, just prior 
to administration so that the compositions are still readily injectable into soil tissue, where they will form 
gels shortly (generally within a few minutes) after administration. 

These and other features of the present invention will become apparent to those persons skilled in the 
art upon reading the details of the structure, synthesis, and usage of the glycosaminoglycan derivatives 
55 disclosed and described below. 
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Detailed Description of Preferred Embodime nts of the Invention 
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75 



Unless • hj h this i nve ntion belongs. Although any 

particular importance to the description of the present invention is defined below. 
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Definitions 

The term "glycosaminoglycan" is intended to encompass complex ^ sacc ^s Wc*™™t 

wmmmwm 

fluids and connective tissue. The formula for hyaluronic acid is shown below: 



Hyaluronic Acid 
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Alternating units of 1,4-linked 
N-acetylglucosamine and glucuronic acid 

Wh %trrCnToi?ntl^ used herein is meant to encompass three major compounds: 
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Chondroitin Sulfate A 



70 




- - n 



15 



Repeating unit of chondroitin sulfate A 



20 



wherein n ranges from about 10 to about 300; 
Chondroitin Sulfate C 
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Repeating unit of chondroWn sulfate C 



40 wherein n ranges from about 20 to about 200; 
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Dermatan Sulfate 



70 



-2 




15 



fUDMting unh of dtrmrttn sutfttt 
(chondrohinsutfatt B) 



glucosamine. The structure of chitin is shown below: 



Chitin 
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H NH-CO-CH3 
N-AcetyiQlueoMmine 



The term "chitosans 
45 to partially deacetylated chitin, as shown below: 



50 



55 



6 



EP 0 640 647 A2 



Chrtosanl 




Partially deacetytated chhin 



wherein n ranges from about 500 to about 2,000. 

The term "chitosan 2" refers to fully deacetylated chitin, as shown below: 

Chitosan 2 




H NH 3 
Fofty deacatytotad chhin 



NH 3 * 



wherein n ranges from about 500 to about 2,000. 

The term "keratan sulfate" refers to polymers having the repeating structure shown below: 
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Keratan Sulfate 
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0 = CCH, 



ftpttttng d?»*cch»Hd« 
ofkiriun Mlfttt 
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structure shown below: 



Keratosulfate 




H OH H 

ftepttting unit of toratosuHate 



glucuronic acid, as shown below. 
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Heparin 



70 



15 



CHaOSQ," 



COO 




NH-SO- 



Sutfotd ghjcowmint 



H OSOj 
SuKit#d glucuronic add 
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wherein n ranges from about 2 to about 3,000. 

The term "collagen" is used in its conventional sense to describe a material which is the major protein 
component of the extracellular matter of bone, cartilage, skin, and connective tissue in animals and 
derivatives. Collagen in its native form is typically a rigid, rod-shaped molecule approximately 300 nm long 
and 1 .5 nm in diameter. It is composed of three collagen polypeptides which form a tight triple helix. The 
collagen polypeptides are characterized by a long midsection having the repeating sequence -Gly-X-Y- t 
where X and Y are often proline or hydroxyproline, bounded at each end by the "telopeptide" regions, 
which constitute less than about 5% of the molecule. The telopeptide regions of the collagen chains are 
typically responsible for the crosslinking between chains, and for immunogenicity of the protein. Collagen 
occurs in several "types", having differing physical properties. The most abundant types are Types Mil. 
The term "collagen" as used herein includes these and other known types of collagen including naturaJ 
collagen and collagen which is processed or modified, i.e., various collagen derivatives. Collagen is typically 
isolated from natural sources, such as bovine hide, cartilage, or bones. Bones are usually dried, defatted, 
crushed, and demineralized to extract collagen, while hide and cartilage are usually minced and digested 
with proteolytic enzymes (other than collagenase). As collagen is resistant to most proteolytic enzymes, this 
procedure conveniently serves to remove most of the contaminating protein found with collagen. 

The term "succinylated collagen" refers to collagen that has been chemically derivatized by the 
addition of succinic anhydride. A method for preparing succinylated collagen is disclosed in U.S. Patent 
4,164,559. Succinylated collagen has a net negative charge. 

The term "methylated collagen" refers to collagen that has been chemically derivatized by the addition 
of methanol. A method for preparing methylated collagen is also disclosed in U.S. Patent 4,164,559. 
Methylated collagen has a net positive charge. 

The terms "treat" and "treatment" as used herein refer to augmentation, repair, prevention, or 
alleviation of defects, particularly defects due to loss or absence of tissue. Additionally, "treat" and 
"treatment" also refer to the prevention, maintenance, or alleviation of disorders or disease using a 
biologically active protein. 

The terms "cytokine" and "growth factor" are used to describe biologically active molecules and active 
peptides (which may be either naturally occurring or synthetic) which aid in healing or regrowth of normal 
tissue. The function of cytokines and growth factors is twofold: 1) they can incite local cells to produce new 
collagen or tissue, or 2) they can attract cells to the site in need of correction. As such, cytokines serve to 
encourage "biological anchoring" of the implant within the host tissue. As previously described, the 
cytokines and growth factors can be admixed with the glycosaminoglycan gel. For example, one may 
incorporate cytokines such as interferons (IFN), tumor necrosis factors (TNF), interleukins, colony stimulat- 
ing factors (CSFs), or growth factors such as osteogenic factor extract (OFE), epidermal growth factor 
(EGF), transforming growth factor (TGF) alpha, TGF-/3 (including any combination of TGF-0S), TGF-01, 
TGF-02, platelet derived growth factor (PDGF-AA, PDGF-AB, PDGF-BB), acidic fibroblast growth factor 
(FGF), basic FGF, connective tissue activating peptides (CTAP), 0-thromboglobulin, insulin-like growth 
factors, erythropoietin (EPO). nerve growth factor (NGF), bone morphogenic protein (BMP), osteogenic 
factors, and the like. Incorporation of cytokines, growth factors, and appropriate combinations of cytokines 
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and growth factors can faci.itate the regrowth ^^^X^Z^^ interchange- 
r,a Te term "effecTve'arnount- refers to the amount of composition required in order to obtain the effect 

wmmmmm 
wmmmmm. 

augmentation. 
General Method 
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Deacetylation of Glycosaminoglycans to Provide Free Amino Groups 

To form certain of the ionically crosslinked glycosaminoglycan gels of the invention, particularly the 
ionically homogeneous gels, it is first necessary to chemically derivatize the glycosaminoglycan. 
5 Glycosaminoglycans having a -NHCOCH 3 group, such as hyaluronic acid, the chondroitin sulfates, chitin, 
keratan sulfate, and keratosulfate, can be deacetylated (removal of the -COChfe group) by the addition of a 
strong base such as sodium hydroxide to provide free amino (-NH 2 ) groups. Deacetylation of hyaluronic 
acid is shown in Reaction Scheme 1 . 

70 Deacetylation of Hyaluronic Acid 
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Deacetylation by basic 
hydrolysis with NaOH 




45 Reaction Scheme 1 

Deacetylated glycosaminoglycans exist in different ionic forms depending on the pH of the surrounding 
environment, that is, whether the deacetylated glycosaminoglycan is present in a basic, acidic, or neutral 
solution. The three ionic forms of deacetylated hyaluronic acid are shown below: 

50 
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Deacetylated Hyaluronic Acid at Basic pH (pH > 9) 
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yaluronic Acid at Acidic pH (pH < 6) 
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35 Deacetylated Hyaluronic Acid at Neutral pH 
(6 < pH < 9; preferably, pH = 7.2 ± 0.5) 
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molecule has a net neutral charge at neutral pH, positive and negative charges within molecules allow for 
significant ionic interaction between chains (and within the same chain for long-chain polymers), providing 
ionic crosslinking and resulting in the formation of a relatively firm, ionically homogeneous gel. 

Deacetylation of chondroitin sulfate C, shown in Reaction Scheme 2, is accomplished in a similar 
5 manner to that described for hyaluronic acid. 

Deacetylation of Chondroitin Sulfate C 



-2 




- - n 



fUpMting unit of chondroitin sulfite C 




so Reaction Scheme 2 

Deacetylation of chondroitin sulfate A, dermatan sulfate, keratan sulfate, and keratosulfate is effected in 
a similar manner to that shown above for hyaluronic acid and chondroitin sulfate C. 

Chitin can be partially deacetylated to form chitosan 1 (one free amino group) or fully deacetylated to 
55 form chitosan 2 (two free amino groups), as shown in Reaction Scheme 3. The degree of deacetylation can 
be controlled by adjusting the relative amount of base reacted with the chitin. 
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Partial Deacetvlation of Chitin with NaOH to Yield Chitosan 1 
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CHITIN 



CH 2 OH 



CH 2 OH 




H NH-CO-CH3 
N-Acetylgluco*amine 



H NH-CO-CH3 
N-Acetytglucosamine 



Deacetylation bv basic 
hydrolysis with NaOH 



30 



35 



40 



45 



CHITOSAN 
CH 2 OH CH 2 OH 




H NH-CO-CH3 H 

Partially daacatylatad chfcin 



NH 3 * 



or 
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Full Deacetylation of Chitin with NaOH to Yield Chitosan 2 



CHITOSAN 2 
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Fully dMdtytetftd chitin 



Reaction Scheme 3 

25 As shown above, each disaccharide of chitosan 1 has a +1 charge at pH 7; chitosan 2 has a +2 
charge. Either of these species could be combined with an appropriate amount of a negatively charged 
nonderivatized glycosaminoglycan or collagen derivative to form an ionically heterogeneous gel of the 
invention. 

30 Desulfation of Glycosaminoglycans to Provide Active Amino Groups 

Glycosaminoglycans having a sulfate (-S0 3 ) group, such as heparin, the chondroitin sulfates, keratan 
sulfate, and keratosulfate, can be desulfated by the addition of a strong base such as sodium hydroxide to 
provide free amino group (-NH 2 ), or ionically neutral groups such as hydroxyl (-OH) groups. Desulfation of 
35 heparin is shown in Reaction Scheme 4. 
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Desulfation of Heparin 



HEPARIN 



10 



15 



20 



25 



CH 2 OSO, 



COO" 




H NH-S0 3 
Sulfated glucosamine 



H OSO3 
Sulfated glucuronic acid 



Desulfation by basic 
hydrolysis with NaOH 



n 
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CH 2 OH 




45 Desulfated Heparin 
Reaction Scheme 4 

Because it contains both free amino and free carboxyl groups, desulfated heparin exists in similar ionic 
so forms as deacetylated hyaluronic acid, as shown below. 



55 
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Desulfated Heparin at Acidic pH (pH < 4) 

CH 2 OH 




35 

Desulfated Heparin at Neutral pH 

(6 < pH < 9, preferably, pH = 7.2 ± 0.5) 




Approaching neutral pH, both positive and negative charges exist within the desulfated heparin 
55 molecule, resulting in a net neutral charge for the molecule as a whole. Ionic interactions within and 
between molecules lead to the formation of a relatively firm, ionically homogeneous gel. 

Glycosaminoglycans having both -S0 3 and -NHCOCH 3 groups, such as the chondroitin sulfates, 
keratan sulfate, and keratosulfate, are subject to both deacetylation and desulfation upon addition of bases 
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70 



T5 



such as sodium hydroxide. Desulfation and deacetylation of the chondroitin sulfates creates one free amino 

suLtehave a Tet neutral 'charge a. or around neutra. pH. due to the balance of port* and negafve 

^^SSS!SU desulfation and deacetylation of keratan sulfate or keratosuifate : creates 
one^ee am no g rou p and one ionical.y neutral group <-CH 2 OH) per disaccharide. However because farther 
kera an suHate nor keratosulfate contain the balancing carboxyl group, follow.ng deacetylation and desul- 
Sr k era an su«ate and keratosuffate each have a net + 1 charge per disacchar.de at neutral pH <s m.lar 
tochi'tosan 1 ) Deacetylated, desulfated keratan sulfate or keratosulfate could therefore be combined with an 
app^ate amoun? 2 a negatively charged nonderivatized glycosaminoglycan or col.agen der.vat.ve to 
form an ionically heterogeneous gel. 

Esterification of Glycosaminoglycans 

Glycosaminoglycans having free carboxyl (-COOH) groups, such as hyaluronic acid, chondrortm sulfates 
a a „J i r ™d heparin can be esterif.ed by the addition of an alcohol (R-OH) such as methanol ethanol 
LZ^£™?^<*. -buty. Lho.. n-pheny. alcoho.. or isopenty, aicohol. Esterif.cat.on of 
chondroitin sulfate A is shown in Reaction Scheme 5. 
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Esterification of Chondroitin Sulfate A 
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fUpcrting unit of chondroitin sulfate A 



- - n 
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Esterified chondroitin sulfate A 



Reaction Scheme 5 

45 wherein R is CH 3 -, CH 3 CH 2 -. CH 3 CH 2 CH 2 -, (CH^CH-, (CHakO, or CH 3 -(CH 2 ) 3 -. 

Esterified glycosami nog ly cans can additionally be deacetylated (e.g., hyaluronic acid) or desulfated 

(e.g., heparin) by the addition of sodium hydroxide, resulting in a species that has a net +1 charge per 

disaccharide. The positively charged glycosaminoglycan derivatives can be combined with negatively 

charged species to form ionically heterogeneous gels, 
so As shown in Table 1. chondroitin sulfates A and C can be derivatized by all three methods 

(deacetylation, desulfation, and esterification). 



55 
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Table 1 



Derivatization of Glycosaminoglycans by Various M 


ethods 


Compound 


Deacetylation 


Desulfation 


Esterification 


Chitin 


Yes 


No 


No 


Chondroitin sulfate A 


Yes 


Yes 


Yes 


Chondroitin sulfate B 


Yes 


Yes 


No 


Chondroitin sulfate C 


Yes 


Yes 


Yes 


Heparin 


No 


Yes 


Yes 


Hyaluronic acid 


Yes 


No 


Yes 


Keratan sulfate 


Yes 


Yes 


No 


Keratosulfate 


Yes 


Yes 


No 



Reaction Scheme 6 depicts esterification of chondroitin sulfate C by addition of alcohol, 
deacetylation and desulfation by addition of an appropriate amount of sodium hydroxide. 
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Esterification, Deacetylation, and Desulfation of Chondroitin Sulfate C 




•Wpeating wnh of chondroitin tulfata C 



nlR-OHl 




n 



Deac«tytation 
DesuHjtion by basic 
hydrolysis with NaOH 




• - n 



Reaction Scheme 6 



Ionic forms of esterified, deacetylated, desulfated chondroitin sulfate C are shown below. 
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F^t^rifiBd. Deacetvlated. Dgsujfatgd Chondroitin Sulfate C at Neutral and Acidic pH (pH < 4) 




F^tarifiRri Deacetvlated. Desulfated Chondroitin Sulfate C at Basic pH (pH > 9) 




As shown above, due to the conversion of the free carboxyl group to an ionically neutral -COOP. i group 
chondroitin sulfate C which has been derivatized by all three methods has a net charge of + 1 per 
disaccharide at neutral pH. 



Preparation of Ionically Homogeneous Gly cosaminoglycan Gels 



Precaution of the ionically homogeneous gels of the invention requires one or more species of 
gfyco aSTyc^n derivative th'at has a net neutral charge at neutral P H (balancing negal.ve and pos,fjve 
charges within the same molecule). Glycosaminoglycan derivatives wh.ch can be used to prepare the 
ionically homogeneous gels of the invention include, but are not l.m.ted to, the following. 
Deacetylated hyaluronic acid 

Deacetylated, desulfated chondroitin sulfates A and C 
Deacetylated, desulfated dermatan sulfate 

Desulfated heparin , . ... 

The oel may comprise one or more species selected from, but not limited to, the above list. 

Fo ow^g deacetylation or desulfation by addition of sodium hydroxide, the glycosam.noglycan denv^ 
fives a e generally in an environment having a pH of about 13. The glycosaminoglycan der.vat.ves can be 
Sn^T h s hTgh pH for storage because the molecules are in ionic form (net negat.ve charge) and, 
STASIS is in a liquid 9 f.owable state. Any ionic interactions between or w,th,n the s.m.lany 
charoed ^molecules at basic pH are too weak to allow the formation of a stable, .on.cally crossl.nked gel 

The SSSon will be'maintained in a liquid, flowable state as long as the pH of ft. = rt,on ,s 
maintained above 9 Because the administration of compositions having an acd.c or bas.c pH could result 
SuelanSe a weak acid is generally added to the composition just prior to administrate to decrease 
fte pH to between 6 and 8.5. At this point, the composition can be injected from a relatively f.ne gauge 
needle, such Ta needle having a gauge in the range of about 20 to about 32 gauge, which has an .nner 
Sfameter of about 0.90 mm to about 0.23 mm. Accordingly, the derivatized glycosam.noglycan , con.po«- 
tionTSn be injected into relatively sensitive soft tissue areas, such as areas on the face, mclud.ng areas 
anouna L eyes where skin is particularly thin, for the purpose of augmenting the underiy.ng t.ssue to 
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reduce and/or eliminate fine lines and deeper wrinkles. 

Because the addition of acid will cause ionic interactions between the derivatized glycosaminoglycan 
molecules, causing gel formation to begin, care must be taken to add the acid within a very short period of 
time (a few minutes) prior to injection to ensure that gel formation occurs within the body and not in the 
5 syringe. The composition and a solution of weak acid can he held in the separate barrels of a double- 
barreled syringe- Upon administration, the glycosaminoglycan derivative will mix with the acid and begin the 
process of pH neutralization and gel formation just prior to the material being extruded through the needle. 

Following administration to the desired tissue site, as the composition reaches physiological pH 
(approximately 7.2 ± 0.5). the glycosaminoglycan derivatives will ionically interact with one another to form 
10 a firm gel in situ. 

Preparation of Ionically Heterogeneous Glycosaminoglycan Gels 

Preparation of the ionically heterogeneous gels of the invention requires two or more species of 
75 glycosaminoglycans, glycosaminoglycan derivatives, or collagen derivatives having opposite charges at 
neutral pH. Charged species are combined with one or more oppositely charged species, balancing the 
charges and forming ionically heterogeneous gels. Listed on the following page are examples of species 
having a net negative and positive charge, respectively, at pH 7: 

20 Negatively Charged Species (charge per disaccharide where applicable) 

Sodium hyaluronate (-1) 
Keratan sulfate (-1) 
Keratosulfate (-1) 
25 Sodium chondroitin sulfates A and C (-2) 
Sodium dermatan sulfate (-2) 
Heparin (-4) 
Succinylated collagen 

30 Positively Charged Species (charge per disaccharide where applicable) 

Esterified, deacetylated hyaluronic acid ( + 1) 
Esterified, deacetylated, desulfated chondroitin sulfates A and C ( + 1 ) 
Deacetylated, desulfated keratan sulfate ( + 1) 
35 Deacetylated, desulfated keratosulfate ( + 1) 
Esterified, desulfated heparin ( + 1 ) 
Chitosan 1 ( + 1) 
Chitosan 2 ( + 2) 
Methylated collagen 

40 To form the ionically heterogeneous gels of the invention, two or more species selected from, but not 
limited to, the above list are combined at a neutral pH, preferably ranging from about 6 to about 8.5. 

The oppositely charged components of the heterogeneous gels must be stored separately to avoid ionic 
interactions and subsequent gel formation. The two species may be stored in separate barrels of a double- 
barreled syringe; if more than two species are being used, species having the same charge may be stored 

45 in the same syringe barrel. The oppositely charged species will mix with each other in the syringe just prior 
to extrusion from the needle, allowing gel formation to occur in situ.. By preventing gel formation from 
beginning until just prior to extrusion, a relatively small gauge needle (approximately 20 to 32 gauge) can 
be used to administer the ionically heterogeneous compositions. 

so Ionically Crosslinked Glycosaminoglycan Gels with Therapeutic Agents 

Compositions may be formulated with various therapeutic agents, such as cytokines, growth factors, 
chemotherapeutic agents, biologies, or antibiotics, by mixing an appropriate amount of the agent into the 
glycosaminoglycan composition, or by incorporating the agent into the glycosaminoglycan formulation prior 
55 to gel formation. Cytokines or growth factors such as TGF-B, are preferably provided at a concentration of 
about 1 ug/mL to about 5 mg/mL, while the glycosaminoglycan derivative is preferably added to a final 
concentration providing a 30 to 50-fold molar excess. The relative concentration of chemotherapeutic 
agents, biologies, or antibiotics included in the glycosaminoglycan formulation must be determined for the 
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S ^^t?Z^^*> «— the therapeutic agent, the ge. serves as a depot for 
local^ea dTerv of the agent. Agents existing in ionic forms may further be held .n place by on,c 
nSactfons She g ycosaminoglycan gel. The ionic bonds of the ge. periodically separate and reform 
a pSng a mechanism for the sustained release of a pharmaceutically active agent dispersed ,n the gel. 

Use and Administration 

The ionically crosslinked glycosaminoglycan formulations of the present invention have a variety of 
,o uses A p^use is for so* tissue augmentation. The denized M?™™^™*^™* 
intn thP riPrmis at a site in need of contour correction, where it will form a gel in situ as tne 

ss^iiaJrs^s ph ^ c ° m p° sition wni remain as a gei due to * e ionic in, t 

ZS^SJSS^ Joules maintained in a neutral P H environment. Further cytokines or 
Q S factors can be incorporated into the glycosaminoglycan solution prior to injection t . aid I m 
, 5 -aSLS^e implant in place, i.e., promoting growth between the implant and surrounding tissue The 
cSnes and groi factors may be admixed with the glycosaminoglycan compose an d , ma to hnked 
to me glycosaminoglycan molecules via ionic interactions. Formation of the glycosaminoglycan gel m sjtu 
wi. hoS the cytokines or growth factors in place, preventing them from migrating away from me Site m 
^ld o augmentation. WhiFe in place, the growth factors and cytokines will serve to attract new cells such 
^ffibrobfasl to the area and indte local cells to produce new collagen for further tissue augmentat.on 

^E^TJin^ can also be incorporated into injectable composftions for augment^ n 
of sohmcteTwithin the body, such as the urinary, anal, or lower esophageal sphincters. As descnbed 
OS S tation of "growth factors and cytokines into the compositions are benefaa. ,n this 
aDDlication as well as for dermal contour correction. 

P T,S glycosaminoglycan gels of the invention have a number of other uses. Because o their lack of 
immunogenSy the gels are ideal for use in therapeutic applications where immunological reactions or 
ZrcoagSon J to be avoided, such as in derma, wound healing (to avoid scar formation) and 

Mr ^:^ applications, such as vitreous ge. rep.acement during cataract surgery, 

or ast Ti*Sabte *i delivery system or surgical or derma, dressing. An injectable drug ^ery^em 
L be usTd to delive? a variety of growth factors, drugs, or biologies to localized areas of the body for 
example the Llized delivery of anti-cancer drugs to the site of a tumor. The gels may also be used as 
SSng for cartilage rep.acement. Additionally, the gels could be used in implant f,xat,on ,n orthopedic 
surgery or dentistry. 
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EXAMPLES 



Tho foimwino examo.es are put forth so as to provide those of ordinary skill in the art with a complete 
d iscto^ure ^d S^on of Sow'to make the ionically crosslinked glycosaminoglycan ge.s of the invention 
M and a?e not intended to limit the scope of the invention. Efforts have been made to ensure accuracy with 
respect T^S^^tZ amounts, temperature, molecular weight, etc.). but there may be minor 
Zafon °wiZ , experimen a. error. Unless indicated otherwise, parts are parts by we.ght, molecular weight 
ZS£TS^*Zl temperature is in degrees Centigrade, and pressure is at or near atmosphenc. 

45 Example 1 

Ionically Homogeneous Glycosaminoglycan Gels 

To produce the inoic crosslinked hyaluronic acid gel of the present invention, 0.79 9 °f hyaluronic acid 
so was addTd to 10 ml of a 0.2 M NaOH so.ution (pH 13). The resu.ting h V a.uronic acd/NaOH so.ut.on was 
allowed to incubate at 20 • C for approximately 2 hours to effect partial deacetylation. 

sixty (60) Z of 1 M HC. was added to the deacetylated hyaluronic acid to lower he solution pH to 
approxtmaS 6 Immediately upon mixing of the hydrochloric acid and deacetylated hyaluronic acid, a firm 
gel was formed. 
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Example 2 

lonically Heterogeneous Glycosaminoglycan Gels 

5 0.3 ml of sodium hyaluronate (1 .5% w/v in PBS, obtained from LifeCore Biomedical) was mixed with 0.2 
ml of chitosan (fully deacetylated chitin, 2.5% w/v in PBS. obtained from Sigma). Within approximately five 
minutes, a gel had formed at pH 7. 

The reactants are shown in Reaction Scheme 7, below: 
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CHITOSAN 2 
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Fully deacetylated chitin 



HYALURONIC ACID 
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Reaction Scheme 7 



Example 3 

so lonically Heterogeneous Glycosaminoglycan - Collagen Gels 

0.79 grams of air-dried collagen was methylated by immersion in 600 ml of dehydrated methanol 
containing 0.1 N HCI for two days at room temperature in a tightly sealed vessel. The resulting methylated 
collagen was dried in a vacuum and suspended in 60 ml of 0.02 M phosphate buffer at pH 11. The pellet 
55 was washed three times with 100 ml of water each, then concentrated to have a final protein concentration 
of 2% (w/v). 

Four (4) milliliters of 20 mg/ml methylated collagen was mixed with 2 ml of 15 mg/ml sodium 
hyaluronate (obtained from LifeCore Biomedical) to form an ionic gel. The melting temperature of the gel 
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W as measured using differential scanning oximetry (DSC) and compared with that of methylated collagen 

methylated collagen alone, indicating increased stability of the .onic gel. 

TABLE 1 



10 





Melting Temperature ('C, by DSC) 


Methylated collagen - hyaluronic acid gel 
Methylated collagen 


49.1 
38.6 
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20 



this disclosure. 
Claims 

i An ionically homogeneous gel comprising one or more species , oi glycosaminoglycan derivative having 

a net neutral charge within the P H range of between about 6 and about 9. 
2 . The gel of claim 1, wherein the glycosaminoglycan derivative contains free carboxy. and amino groups 
25 capable of ionic interaction. 

rsrsr rr _ c . ^ - «— 

30 thereof. 

4 The gel of claim 3. wherein the glycosaminoglycan derivative is deacetylated hyaluronic acid, 
an antibiotic. 

e. An »** h.,„oo.n„» 9* coning on. e, ^T^^^J! 
TSmml JL» within the pH «nga oi bet.ee. •bout 6 and .boot 9. 

8. The gei ol eiein, , T^SSfflC^? eS^*^'^ 
l,om the group cons.s.ng el e9 J e ^ e ^™ ™ ctmK)rolt i„ km. c. deactylaled <to*«aKI 

2 and combinations thereof. 
55 group consisting of chitosan 1 and chitosan 2. 
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an antibiotic. 

11. An ionically heterogeneous gel comprising one or more species of giycosamino glycan derivative and 
one or more species of collagen derivative, wherein the gel was formed by reaction of a negatively 

5 charged glycosaminoglycan species with a positively charged collagen derivative within the pH range of 
between about 6 and about 9 to form a gel. 

12. The gel of claim 11, wherein the negatively charged species of glycosaminoglycan is selected from the 
group consisting of sodium hyaluronate, keratan sulfate, keratosulfate, sodium chondroitin sulfate A, 

10 sodium dermatan sulfate B, sodium chondroitin sulfate C, heparin, and combinations thereof. 

13. The gel of claim 11, wherein the positively charged species of collagen derivative is methylated 
collagen. 

75 14. The gel of claim 13, wherein the negatively charged species of glycosaminoglycan is sodium 
hyaluronate. 

15. The gel of claim 11, further comprising a therapeutically effective amount of a pharmaceutical^ active 
agent selected from the group consisting of a cytokine, a growth factor, a chemotherapeutic agent, and 

20 an antibiotic. 

16. An ionically heterogeneous gel comprising one or more species of glycosaminoglycan derivative and 
one or more species of collagen derivative, wherein the gel was formed by reaction of a positively 
charged glycosaminoglycan derivative with a negatively charged collagen derivative within the pH 

25 range of between about 6 and about 9 to form a gel. 

17. The gel of claim 16, wherein the positively charged species of glycosaminoglycan derivative is selected 
from the group consisting of esterified deacetylated hyaluronic acid, esterified deacetylated desulfated 
chondroitin sulfate A, esterified deacetylated desulfated chondroitin sulfate C, deacetylated desulfated 

30 keratan sulfate, deacetylated desulfated keratosulfate, esterified desulfated heparin chitosan 1, chitosan 
2, and combinations thereof. 

1a The gel of claim 16, wherein the negatively charged species of collagen derivative is succinylated 
collagen. 

35 

19. The gel of claim 18, wherein the positively charged species of glycosaminoglycan derivative is selected 
from the group consisting of chitosan 1 and chitosan 2. 

20. A method of preparing an ionically homogeneous glycosaminoglycan gel comprising the steps of: 

40 chemically derivatizing a solution comprising one or more species of glycosaminoglycan to 

produce an ionically homogeneous solution of one or more charged species; and 

affecting the pH of the solution so that the derivatized glycosaminoglycan species ionically interact 
to form a gel. 

45 21. The method of claim 20, wherein the glycosaminoglycan is chemically derivatized by a method 
selected from the group consisting of deacetylation, desulfation, and combinations thereof. 

22. The method of claim 21, wherein the chemical derivatization is effected by combining the 
glycosaminoglycan solution with a strong basic solution. 

50 

2a The method of claim 22, wherein the strong basic solution comprises a sodium hydroxide solution. 

24. The method of claim 20, wherein the glycosaminoglycan is selected from the group consisting of 
sodium hyaluronate, sodium chondroitin sulfate A, sodium dermatan sulfate, sodium chondroitin sulfate 

55 C t heparin, and combinations thereof. 

25. A method of preparing an ionically heterogeneous gel comprising the steps of: 

providing a first solution comprising one or more negatively charged species of glycosaminoglycan 
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"Cirf -ond section comprising one or more positive* charged species of 
glycosaminoglycan derivative or collagen 

gtvoosaminoslyeer, d«ivati» ,s seh**d ^^"SJ^Ii. suifat. B, sodium onoodro* 

sr c k, ms" ~ sit - — — — 
„. The o, **. « - 2-* sr^sss s: 

selected Mm M group consisting f !^^Metv^ddesuHated ohondroitir, stillat. C, cMcMyWed 

sss srsr isssirris* — — — ■ — 

1 chitosan 2, and combinations thereof. 

group consisting of chitosan 1 and chitosan 2. 

29 -n,. m *>d m o*m 25. the r*** ohai.ed apcci.s m c*ghh M. is -a** 
collagen. 

30 The method of claim 29, wherein the positive* charged species of g.ycosaminog.ycan derivative is 
leTected from the group consisting of chitosan 1 and ch.tosan 2. 

collagen. 

3* The method of Cairn 31. wherein the negatively charged species of g.ycosaminog.ycan is sodium 
hyaluronate. 

33. A method of augmenting soft tissue h. ^^^^^position comprising one or more species 

c ^ZC e ^ ^^^^ ""~ Char96S 31 3 PH * " 

tC'JSK * ,orm a flel /n s/ ' u by adiustment of the ,iquid composition PH 

to within the P H range from about 6 to about 8.5. 
L The method - e*m 3, .... J. £ d,* "dT^S 

45 combinations thereof. 

35. The method of claim 33, wherein the g.ycosaminog.ycan derivative is deacety.ated hyaluronic acid. 

36. A method of augmenting soft tissue in a meal compri ring: ^ 

injecting to a site in need of augmentafon a !^~ m ^2eTcollagen derivative, and one or 
charged species of glycosaminoglycan^ J^^j; Lvative; and 
^X^Z^X^ to ionica„y interact to 

form a gel /n s/fu. 

- 3 , The m*»d . — » ^^j^rr«roT^~:c^ 
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sulfate C, heparin, esterified chondroitin sulfate C, esterified heparin, and combinations thereof. 

3a The method of claim 36, wherein the positively charged species of glycosaminoglycan derivative is 
selected from the group consisting of esterified deacetylated hyaluronic acid, esterified deacetylated 
desulfated chondroitin sulfate A. esterified deacetylated desulfated chondroitin sulfate C. deacetylated 
desulfated keratan sulfate, deacetylated desulfated keratosulfate, esterified desulfated heparin, chitosan 
1 , chitosan 2, and combinations thereof. 

39. The method of claim 36, wherein the negatively charged species of glycosaminoglycan is sodium 
hyaluronate and the positively charged species of glycosaminoglycan derivative is selected from the 
group consisting of chitosan 1 and chitosan 2. 

40. The method of claim 36, wherein the negatively charged species of collagen derivative is succinylated 
collagen. 

41. The method of claim 40, wherein the positively charged species of glycosaminoglycan derivative is 
selected from the group consisting of chitosan 1 and chitosan 2. 

42. The method of claim 36, wherein the positively charged species of collagen derivative is methylated 
collagen. 

4a The method of claim 42, wherein the negatively charged species of glycosaminoglycan is sodium 
hyaluronate. 

44. A method for administering a pharmaceutical^ active agent to a mammal comprising: 

injecting a liquid composition comprising one or more species of glycosaminoglycan derivative, 
which exhibits both positive and negative charges at a pH within a range from about 6 to about 8.5. in 
admixture with a therapeutically effective amount of a pharmaceutical ly active agent; and 

permitting the liquid composition to form a gel in situ by adjustment of the liquid composition pH 
to within the pH range from about 6 to about 8.5. 

45. The method of claim 44, wherein the glycosaminoglycan derivative is selected from the group 
consisting of deacetylated hyaluronic acid, deacetylated desulfated chondroitin sulfates A. deacetylated 
desulfated dermatan sulfate, deacetylated desulfated chondroitin sulfate C, desulfated heparin, and 
combinations thereof. 

46. The method of claim 44, wherein the glycosaminoglycan derivative is deacetylated hyaluronic acid. 

47. The method of claim 44, wherein the pharmaceutical^ active agent is selected from the group 
consisting of a cytokine, a growth factor, a chemotherapeutic agent, and an antibiotic. 

4a A method for administering a pharmaceutical^ active agent to a mammal comprising: 

injecting a liquid composition comprising one or more negatively charged species of 

glycosaminoglycan, glycosaminoglycan derivative or collagen derivative, and one or more positively 

charged species of glycosaminoglycan derivative or collagen derivative, in admixture with a 

therapeutically effective amount of a pharmaceutical^ active agent; and 

permitting the liquid composition to form a gel in situ by adjustment of the liquid pH to within the 

pH range from about 6 to about 8.5. 

49. The method of claim 48, wherein the negatively charged species of glycosaminoglycan or 
glycosaminoglycan derivative is selected from the group consisting of sodium hyaluronate, keratan 
sulfate, keratosulfate, sodium chondroitin sulfate A, sodium dermatan sulfate B, sodium chondroitin 
sulfate C, heparin, esterified chondroitin sulfate C, esterified heparin, and combinations thereof. 

50. The method of claim 48, wherein the positively charged species of glycosaminoglycan derivative is 
selected from the group consisting of esterified deacetylated hyaluronic acid, esterified deacetylated 
desulfated chondroitin sulfate A, esterified deacetylated desulfated chondroitin sulfate C, deacetylated 
desulfated keratan sulfate, deacetylated desulfated keratosulfate, esterified desulfated heparin, chitosan 
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1 chitosan 2, and combinations thereof. 

s group consisting of chitosan 1 and chitosan 2. 

52 . The method of c.aim 48. wherein the negatively charged species of collagen derivative is succiny.ated 
collagen. 

, 0 53 The method of Cairn 52, wherein the positively charged species of g.ycosaminog.ycan derivative is 
seicTed from the group consisting of chitosan 1 and chitosan 2. 
54. The method of claim 48. wherein the positively charged species of collagen derivative is methylated 
collagen. 

" 55. The method of claim 54. wherein the negatively charged species of glycosaminoglycn is sodium 
hyaluronate. 

56 The method of c.aim 55. wherein the pharmaceutic* active agen, i is ^ *™ W 
20 SnsiS of a cytokine, a growth factor, a chemotherapeut,c agent, and an anub.ouc. 
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